Abstract Thirteen morphologically similar strains of barbatosphaeria-and tectonidula-like fungi were studied based on the comparison of cultural and morphological features of sexual and asexual morphs and phylogenetic analyses of five nuclear loci, i.e. internal transcribed spacer rDNA operon (ITS), large and small subunit nuclear ribosomal DNA, β-tubulin, and second largest subunit of RNA polymerase II. Phylogenetic results were supported by in-depth comparative analyses of common core secondary structure of ITS1 and ITS2 in all strains and the identification of non-conserved, co-evolving nucleotides that maintain base pairing in the RNA transcript. Barbatosphaeria is defined as a well-supported monophyletic clade comprising several lineages and is placed in the Sordariomycetes incertae sedis. The genus is expanded to encompass nine species with both septate and non-septate ascospores in clavate, stipitate asci with a non-amyloid apical annulus and non-stromatic ascomata with a long decumbent neck and carbonised wall often covered by pubescence. The asexual morphs are dematiaceous hyphomycetes with holoblastic conidiogenesis belonging to Ramichloridium and Sporothrix types. The morphologically similar Tectonidula, represented by the type species T. hippocrepida, grouped with members of Barbatosphaeria and is transferred to that genus. Four new species are introduced and three new combinations in Barbatosphaeria are proposed. A dichotomous key to species accepted in the genus is provided.
INTRODUCTION
Barbatosphaeria is a non-stromatic perithecial ascomycete introduced for a single species Barbatosphaeria barbirostris and accommodated in the Sordariomycetes incertae sedis based on nuc28S rDNA sequences (Réblová 2007) . The genus was erected for calosphaeria-like fungi characterised by dark ascomata growing between cortex and wood with long decumbent necks, often covered with red-brown pubescence; ellipsoid to oblong, hyaline, septate ascospores in unitunicate, clavate asci with a non-amyloid apical annulus. The asexual morphs are dematiaceous hyphomycetes with holoblastic denticulate conidiogenesis and resemble Ramichloridium and Sporothrix. Delimitation of Barbatosphaeria and its separation from the morphologically similar but distantly related members of the Calosphaeriales (Réblová et al. 2004 , Vijaykrishna et al. 2004 , Damm et al. 2008 ) entailed an understanding of life history, discovery of asexual morphs and revision of subtle morphological characters of asci and ascogenous hyphae.
Barbatosphaeria is closely related to the morphologically similar genus Tectonidula (Réblová & Štěpánek 2009) , which differs from the former in the non-septate, allantoid to U-or horseshoe-shaped ascospores. Samuels & Candoussau (1996) hypothesised that the feature of allantoid ascospores is not common among perithecial ascomycetes and may contain to a certain extent phylogenetic information. In the phylogenetic analysis based on nuc28S rDNA sequences, both genera were grouped in one clade, but without significant statistical support (Réblová & Štěpánek 2009) . At that time, both molecular and morphological data of the two type species seemed to support and warrant the distinction of two genera.
Several barbatosphaeria-and tectonidula-like fungi were collected in the years 2003 -2013. They are characterised by an inconspicuous habitus, i.e. minute ascomata often arranged in circular or semi-circular groups under the periderm and usually collected incidentally when searching for other periderminhabiting fungi. Thirteen strains of these morphologically si milar fungi were obtained in living culture. They can be divided into different groups based on sexual characters, primarily on morphology of the ascospores. They include isolates with septate and non-septate ascospores, ranging from ellipsoid, oblong, subcylindrical and curved to suballantoid, allantoid, U-to horseshoe-shaped or 3/4 circular. These ascospore morphotypes represent a continuum between two extremes corresponding to the two type species of the previously recognised genera Barbatosphaeria and Tectonidula. Three recently collected strains match the description of Calosphaeria dryina, two belong to B. barbirostris and one to Tectonidula hippocrepida. The other seven strains represent new taxa and exhibit an undescribed range of ascospore morphology of members of Barbatosphaeria.
It has proven difficult to evaluate these morphologically defined groups of strains based on conventional use of pairwise comparison of sequences with the divergence expressed in percentages. Such an approach does not reveal changes in nucleotides at the RNA structural level and their role in the RNA transcript. The study of variability within each group entailed a comparative analysis of 2D (secondary) structure of internal transcribed spacers ITS1 and ITS2 and application of the CBC species concept that has been used to delimit biological species , Coleman 2000 . This concept is based on evolutionary processes at the RNA structural level that are responsible for maintaining the arrangement of base Molecular systematics of Barbatosphaeria (Sordariomycetes): multigene phylogeny and secondary ITS structure M. Réblová 1 , K. Réblová 2 , V. Štěpánek pairs in the RNA transcript and preserving the structure of the RNA helices, i.e. the compensatory base change (CBC) and hemi-compensatory base change (hCBC). On the other hand, any non-compensatory base change (non-CBC) may lead to a disruption of the stem structure (Leontis et al. 2002) . The ITS1 and ITS2 loci represent rapidly evolving regions of the rDNA operon and display high sequence variability. Although they are non-coding, they include functionally constrained positions required for the folding of their transcripts that allow their own splicing and the correct processing of the rDNA genes (Côté et al. 2002) . The ITS2 has been shown to retain a common core structure with several hallmarks in its RNA transcript that are evolutionarily constrained and universal among eukaryotes , Joseph et al. 1999 , Coleman 2007 . They also have proven useful for molecular taxonomic concepts .
We investigated the variability among 13 strains by comparing cultural and morphological characteristics of sexual and asexual morphs and phylogenetic analyses of five nuclear loci, i.e. the internal transcribed spacer rDNA operon (ITS), large and small subunit nuclear ribosomal DNA (nuc28S rDNA, nuc18S rDNA), β-tubulin, and second largest subunit of RNA polymerase II (rpb2). In addition, we performed in-depth comparative analyses of common core secondary structures of ITS1 and ITS2 of all strains and searched for non-conserved co-evolving nucleotides that maintain base pairing in the RNA transcript. All existing substitutions were mapped onto the predicted 2D models of ITS1 and ITS2 of B. barbirostris and evaluated.
MATERIALS AND METHODS

Herbarium material and fungal strains
Dry ascomata were rehydrated with water; material was examined with an Olympus SZX12 dissecting microscope and centrum material (including asci, ascospores and paraphyses) was mounted in Melzer's reagent, 90 % lactic acid, lactophenol with cotton blue or aqueous cotton-blue (1 mg/mL). Hand sections of the ascomatal wall were studied in 3 % KOH. All measurements were made in Melzer's reagent. Means ± standard deviations (SD) based on 20 -25 measurements are given for dimensions of asci, ascospores, conidia and conidiogenous cells. Images were captured by differential interference (DIC) or phase contrast (PC) microscopy using an Olympus DP70 Camera operated by Imaging Software Cell on an Olympus BX51 compound microscope.
Multi-ascospore isolates were obtained from fresh material with the aid of a spore isolator (Meopta, Prague, Czech Republic). Ascospores and asci were spread on water agar, ascospores germinated within 48 h. Germinating ascospores were transferred and isolates were grown on potato-dextrose agar (PDA, Oxoid) and potato-carrot agar (PCA, Gams et al. 1998 ). Colonies were examined after 7, 21 and 30 d incubated at 25 °C in the dark. Cultures are maintained at CBS (CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands). Type material is deposited in PRM herbarium (National Museum in Prague). The Online auction colour chart (2004) was used as the colour standard.
DNA extraction, amplification and sequence alignment
Cultures used for DNA isolations were grown as previously described by Réblová et al. (2011) and DNA was extracted following the protocols of Lee & Taylor (1990) . Procedures for amplifying and sequencing the ITS, nuc18S, nuc28S and rpb2 were performed as described in Réblová et al. (2011) . A fragment of the 5'-end of the β-tubulin gene region was amplified and sequenced using primers Bt2a and Bt2b (Glass & Donaldson 1995) or benA1 (Geiser et al. 1998 ) and Bt2b. Sequences were edited using Sequencher v. 5.0 software (Gene Codes Corp., Ann Arbor, MI, USA).
GenBank accession numbers for newly sequenced taxa and other homologous sequences of members of the Sordariomy cetes retrieved from GenBank are listed in Table 1 . Sequences were manually aligned in BioEdit v. 7.0.9.0 (Hall 1999) . 2D models of the ITS1 and ITS2 obtained for individual members of Barbatosphaeria were used to determine the positions of homologous nucleotides in the ITS. The nuc18S and nuc28S alignments were enhanced by utilizing the homologous 2D structure of Saccharomyces cerevisiae (Gutell 1993 in order to improve the decisions on homologous characters and introduction of gaps. These procedures and alignment of the protein-coding genes were performed as described in .
Two sequence alignments were constructed: 1) ITS combined with β-tubulin; and 2) nuc18S and nuc28S combined with rpb2. Individual alignments were concatenated to combine sequences for the bi-and multilocus alignments. Alignments are deposited in TreeBASE (Study no. 16315).
Phylogenetic analyses
Phylogenetic relationships were resolved based on analyses of ITS, β-tubulin, nuc18S, nuc28S, and rpb2 sequences of 13 isolates representing eight species of Barbatosphaeria. We analysed the first 2/3 of the 5' half of the nuc28S (corresponding to the first 1 197 nucleotides of S. cerevisiae), the almost entire nuc18S, and the 5-7 segments of the rpb2. Bases 1-137 of the nuc18S, 1-76 of the nuc28S, 1-60 of the rpb2 alignments were excluded from analyses because of the incompleteness of the 5'-end of the majority of the available sequences. The coding regions (exons) 4, 5 and partly 6 of the β-tubulin in total length of 262 nucleotides were analysed, non-coding regions were excluded. All characters of the ITS sequences were included. Two outgroups were used for the two phylogenies. Two members of the Leotiomycetes, Leotia lubrica and Microglossum rufum, were used to root the multilocus phylogeny. Two strains of Na tantiella ligneola were used to root the ITS-β-tubulin phylogeny.
Each combined dataset was partitioned into several subsets of nucleotide sites. The ITS-β-tubulin analysis was partitioned into ITS; the three exons of β-tubulin were analysed together and partitioned into first, second and third codon positions. The three-gene dataset was partitioned into nuc28S, nuc18S, and first, second and third codon positions of rpb2.
The program MrModeltest2 v. 2.3 (Nylander 2008 ) was used to infer the appropriate substitution model that would best fit the model of DNA evolution for each sequence dataset and each partition of the combined datasets. Maximum likelihood (ML) and Bayesian inference (BI) analyses were used to estimate phylogenetic relationships. ML analysis was performed with RAxML-HPC v. 7.0.3 (Stamatakis et al. 2005 , Stamatakis 2006 ) with a GTRCAT model of evolution. Nodal support was determined by non-parametric bootstrapping (BS) with 1 000 replicates.
The BI analysis was performed in a likelihood framework as implemented in MrBayes v. 3.0b4 software package to reconstruct phylogenetic trees (Huelsenbeck & Ronquist 2001) . For the ITS dataset we used SYM+I+G substitution model. For the β-tubulin dataset we used GTR+I substitution model for the first and second codon position, and GTR model for the third codon position. For the combined nuc18S, nuc28S, and rpb2 dataset we used for each partition the GTR+I+G substitution model. Two Bayesian searches were performed using the default parameters. Analyses were run for 10 M generations, with trees sampled every 1 000 generations. Tracer v. 1.6.0. (Rambaut et al. 2013 ) was used to confirm convergence of trees and burn-in. The first 50 000 trees, which represented the burn-in phase of the analysis, were discarded. The remaining trees were used for calculating posterior probabilities (PP) of recovered branches (Larget & Simon 1999) .
Prediction of 2D structure models of ITS1 and ITS2
Predicting the 2D structure of the ITS is essential for construc ting a reliable multiple sequence alignment to compare nucleotides at homologous positions (in helices and loops) while searching for non-conserved co-evolving nucleotides that maintain base pairing. Consensus 2D structure models for the ITS1 and ITS2 were built using the PPfold program v. 3.0 (Sukosd et al. 2012 (Koetschan et al. 2010 ) to build 2D structures for members of this genus. Obtained structures contained the same H1 and tip of H3 as the rough structure built using the PPfold program. These models were further improved using the Mfold program and then adjusted manually based on comparison of homologous positions in the alignment similarly to ITS1.
The predicted 2D RNA structures of ITS1 and ITS2 were obtained in a dot bracket notation and were visualized and drawn using VARNA: Visualisation Applet for RNA program (Darty et al. 2009 ).
Identification and mapping of base-pair changes in 2D structures of ITS
We identified three types of substitutions in the aligned ITS sequences. The first involves compensatory base changes (double-sided substitution, CBCs) that occur when both nucleotides of a paired site mutate (i.e. G = C ↔ C = G, A-U or U-A). Because these canonical base pairs are isosteric (Leontis et al. 2002) they can be substituted for each other within stems without causing structural perturbations. The second type of substitution, the hemi-compensatory base change (one-sided substitution, hCBC), entails the change of a canonical base pair to a 'wobble' base pair (i.e. G = C → G/U). This type of substitution, which is classified as near-isosteric (Stombaugh et al. 2009 ), retains base pairing in RNA molecules but produces minor structural perturbations in the helix structure because the canonical G = C pair and wobble G/U pair are not members of the same isosteric family (Leontis et al. 2002) . Finally, we identified non-compensatory base changes (non-CBCs) that involve the replacement of a canonical or a wobble pair with any non-canonical pair. Once all existing substitutions were identified among analysed strains, the unique substitutions were mapped onto the 2D structures of predicted models of ITS1 and ITS2 of B. barbirostris.
RESULTS
Phylogenetic results
In the first analysis, the alignment consisted of 70 combined nuc18S, nuc28S and rpb2 sequences of members of the Sor dariomycetes, each with 5 028 characters after introduction of gaps. The alignment had 2 390 distinct alignment patterns (ML analysis conducted by RAxML); the ML tree is shown in Fig. 1 . The genus Barbatosphaeria was resolved as a robust monophyletic clade (99 % ML BS / 1.0 PP) comprising several lineages that correspond to seven species. Tectonidula hippo crepida, the type species of the genus, grouped within the Barbatosphaeria clade at a basal position. The closest relatives to Barbatosphaeria are Ceratostomella and Xylomelasma, two genera with non-stromatic ascomata, long neck, pale brown non-septate ascospores and unknown asexual morphs, and a clade comprising members of the Ophiostomatales and Na tantiella.
In the second analysis, thirteen combined ITS and β-tubulin sequences were assessed for eight Barbatosphaeria species. The multiple sequence alignment consisted of 1 140 characters after introduction of gaps. The alignment had 229 distinct alignment patterns (ML analysis); the ML tree is shown in Fig. 2 . The genus Barbatosphaeria is shown as a strongly supported monophyletic clade (100/1.0). Tectonidula hippocrepida groups in the genus in a basal position; it is closely related to two other Barbatosphaeria species with non-septate ascospores.
Consensus 2D structure of ITS1
The predicted 2D structure of ITS1 shown in Fig. 3 is modelled for B. barbirostris. The consensus 2D structure of ITS1 consisted of three helices and a variable single-stranded segment at the 3'-end. The 3'-end did not fold into a homologous structure in all strains analysed and could not be compared among taxa.
The consensus 2D model of ITS1 contains three helices (H1, H2 and H3) separated by an adjacent single-stranded (junction) region. H1 is the most conserved of all three helices with a single substitution in the hairpin loop. H2 is highly variable; it exhibits one symmetrical and one asymmetrical internal loop and a hairpin loop. The differences highlighted in yellow colour in Fig. 3 correlate with ascospore septation. The changes at the bottom of the H2 stem, i.e. hCBC substitution of the first C= G pair by a newly formed U/G pair and a substitution of AAA by UUCU in the second internal loop on the 3'side of the H2 are present only in taxa with non-septate ascospores. H3 is the longest and the only branched duplex in the ITS1 consisting of a three-way junction. The two hairpin loops exhibit sequence variation. In the three arms labelled A, B and C two bp with CBCs, one with both CBC and hCBC, four with hCBCs and one with both hCBC and non-CBC substitutions are shown.
Consensus 2D structure of ITS2
The consensus secondary structure of the ITS2 molecule mapped onto a predicted model of B. barbirostris (Fig. 4 ) is folded into a ring structure with four main helices (H1-H4) separated by adjacent single-stranded regions. H1 consists of a conserved stem and a hairpin loop, which is variable. H2 is composed of a long stem structure with two C/C (pyrimidine/ pyrimidine) mismatches, of which only the first is conserved in all taxa. Barbatosphaeria barbirostris possesses the longest H2. This duplex contains the only CBC substitutions detected in ITS2, two bp with hCBC and one with both hCBC and non-CBC. H3 is the longest duplex in the ITS2. It consists of one internal loop, six bulges and a hairpin loop. This helix contains four bp with hCBCs, three with both hCBCs and non-CBCs and one with a single non-CBC substitution. The hairpin loop is of a variable length. The fourth duplex H4 is short, having the 
G=C A-U
neglecta G=C  G/U fimbriata  C=G U/G dryina  (CBS 127691) G=C U-A  B. arboricola clade C=G U-A fimbriata hippocrepida neglecta  C=G C=G dryina 3 pairs inserted U/C A-U G/U dryina hippocrepida  A/C C=G U/G dryina  A-U hippocrepida  U/G neglecta AAA UUCU fimbriata hippocrepida neglecta  insertion
B. arboricola clade:
Barbatosphaeria sp. (CBS 127689) inserted in varioseptata
first two bp conserved in the majority of species; the remaining part of the stem and a hairpin loop show significant variability.
The variability of the B. arboricola clade at the RNA structural level
This clade comprises five morphologically similar strains belonging to B. arboricola, B. varioseptata and Barbatosphaeria sp. While three strains of B. arboricola always had 1-septate ascospores, in B. varioseptata and Barbatosphaeria sp. the ascospores were characterised by a delayed formation of one or two additional septa followed by increased length in the former.
Two ITS sequences of B. arboricola, CBS 114120 and CBS 127690, were identical and showed 99.8 % similarity with the ITS sequence of the ex-type strain CBS 127689. A 5.6 % divergence was found between ITS sequences of B. arboricola (extype strain) and B. varioseptata and 4.2 % divergence between B. arboricola and Barbatosphaeria sp.
In the ITS1, one CBC is unique for all strains of this speciescomplex, and one hCBC is present among strains of B. arbo ricola (in CBS 127689, Fig. 3 ). The single CBC present in H2 and H3 of ITS2 is shared among Barbatosphaeria species with septate ascospores. On the other hand, in the B. arboricola clade several hCBCs vary significantly among strains linked to sexual morphs with 1-septate and 1-3-septate ascospores, respectively (Fig. 4) , and support the existence of at least two species. Barbatosphaeria varioseptata is characterized by three hCBCs and Barbatosphaeria sp. by one hCBC compared to B. arboricola. The other differences among species of B. arbo ricola clade exist in the variable areas of a hairpin loop of H3 of ITS1 and of hairpin loops of H1, H2 and H4 of ITS2.
The variability of the B. neglecta clade at the RNA structural level
The B. neglecta clade comprises two species, i.e. B. fimbriata and B. neglecta. Their ITS sequences showed 5.0 % divergence. The whole clade is characterized by one CBC in ITS1 Legend to symbols and colours as in Fig. 3 .
(shared with B. hippocrepida), four hCBCs and three non-CBCs in ITS2. In ITS1 we detected one CBC and three hCBCs in H2 and H3 that characterise these strains (Fig. 3, 4) . In ITS2, in a position of the second C/C mismatch in H2 (Fig. 4) , the C/C pair changes into a canonical pair C=G in B. neglecta, while in B. fimbriata (M.R. 3694), the substitution leads to another non-canonical pair U/C. In H2 we also see a single hCBC that characterizes B. neglecta. Other differences are in the stem of H4 of ITS2. Following the premise of the CBC species concept, these two strains cannot be regarded conspecific and they were introduced as two individual, though closely related species. This conclusion is supported by differences in the sexual morphology. Both species clearly differ in the size of asci and ascospores. Ascomata non-stromatic dark brown to black, usually aggregated in circular groups, occasionally in rows or solitary, growing between periderm and wood, often associated with old stromata of other ascomycetes. When in circular groups, venter lying horizontally, necks are decumbent to perpendicular, converging, piercing the periderm in a group. Venter globose to subglobose, easily detached from the substratum, with cylindrical neck. Venter and neck are sparsely covered with dark olive to red-brown pubescence that disappears with age, mostly necks and bottom part of venter remain covered with hairs. Ascomatal wall leathery to fragile, 2-layered. Ostiolum periphysate. Paraphyses abundant, persistent, longer than the asci. Asci arising from croziers on elongating ascogenous hyphae, floating freely in the centrum at maturity; unitunicate, clavate, tapering toward the slender stipe; basal part of the stipe conspicuously swollen, often remaining attached to the ascogenous hyphae after the mature ascus is liberated. Ascospores ellipsoid, oblong, subcylindrical, straight, sometimes curved, allantoid, U-to horseshoe-shaped or 3/4 circular, hyaline, 1-to several-septate.
Notes -Based on the results of both phylogenies (Fig. 1,  2) , Tectonidula is a member of Barbatosphaeria and is placed in its synonymy. Two new combinations for the former Tectonidula species are proposed.
The main features of ascomata, asci and ascospores that are common to all species are listed under the general description of Barbatosphaeria and are not repeated in the descriptions of individual species. Ascospores tend to group in the middle of the sporiferous part of ascus, leaving the apex empty. They are often arranged 2-3-seriately or in a fascicle. Because the ascus stipe is degrading with age and sometimes not well visible, the asci should always be measured in the pars sporifera, which makes the ascus size fairly comparable among all species. Réblová, sp. nov. -MycoBank MB810126; Fig. 5 Asexual morph. Sporothrix-like.
Barbatosphaeria arboricola
Etymology. Arbor (L), meaning tree, and -cola (L), meaning dwelling in a tree, refers to this species occurring between cortex and wood on the branches of trees.
Diagnosis -Differing from B. barbirostris by longer asci, (29-) 30-36(-40) μm long in pars sporifera and 6.0 -7.5(-8.0) μm wide, and longer ascospores, (7.7-) 8.0 -9.5(-10.0) × 1.8 -2.2(-2.5) μm.
Ascomata dark brown to black, aggregated in circular groups of 5-15, occasionally solitary. Venter globose to subglobose, 400-650 μm high, 350 -550 μm diam, often lying horizontally, collapsing on a dorsal side upon drying; necks cylindrical, straight to slightly flexuous decumbent 600 -2000 μm long, 100-120 μm wide, converging radially, piercing the periderm together. Venter and neck sparsely covered with red-brown pubescence that disappears with age, only the necks remaining covered with hairs in the upper part; hairs septate, smoothwalled, obtuse at the ends, 3.0 -3.5 μm wide. Ascomatal wall 60 -80 μm thick, leathery to fragile, 2-layered. Outer layer consisting of thick-walled, brown to red-brown, polyhedral to elongate cells of textura prismatica, towards the interior grading into several layers of thin-walled subhyaline to hyaline flattened cells. Ostiolum periphysate. Paraphyses septate, wider near the base c. 4.0-5.0 μm, tapering to 2.0-3.5 μm toward the tip. Asci clavate in sporiferous part, sometimes slightly swollen in the middle when ascospores are clustered in a fascicle, tapering toward the stipe, (29-)30-36(-40) μm long in pars sporifera, 6.0-7.5(-8.0) μm wide (in broadest part) (mean ± SD = 33.2 ± 2.9 × 7.4 ± 0.6 μm), with a stipe 10-18 μm long, 8-spored; ascal apex broadly rounded to obtuse, with a non-amyloid apical annulus c.1.0 μm high, 2.0-2.3 μm wide. Ascospores ellipsoid to oblong, sometimes slightly curved, (7.7-) 8.0-9.5(-10.0) × 1.8-2.2(-2.5) μm (mean ± SD = 8.6 ± 0.5 × 2.0 ± 0.2 μm), hyaline, smooth, 1-septate, non-constricted, arranged obliquely 2-3-seriately or in a fascicle in the sporiferous part of the ascus.
Culture characteristics -Colonies slow growing, 12-17 mm diam on PDA after 21 d at 25 °C. Aerial mycelium velvety, zonate, dark beige to grey (oac703) in the centre, later consequently pale beige (oac816) with dark grey (oac725) zones, darker toward the margin of the colony. Sporulation widespread with a uniform layer of conidiophores. Conidial masses whitish. Conidiophores of sporothrix-like developing early from germinating ascospores, 2.5-13 × 1.0-2.0 μm (mean ± SD = 8.4 ± 4.1 × 1.5 ± 0.3 μm), micronematous to semimacronematous, unbranched, cylindrical or of irregular shape, hyaline. Conidiogenous cells polyblastic, intercalary or terminal, bearing 1-3 denticles producing conidia holoblastically. Conidia (2.7-)3.0-3.5 × 0.8-1.0 μm (mean ± SD = 3.2 ± 0.3 × 0.9 ± 0.1 μm), aseptate, hyaline, oblong, slightly curved to suballantoid, slightly tapering at the base. Chlamydospores not observed. Notes -Barbatosphaeria arboricola is similar to B. barbi rostris in 1-septate, ellipsoid to oblong ascospores, but differs from the latter by longer asci and ascospores; the ascospores of B. barbirostris are (5.0-)6.9-7.0 μm long, the asci measure 25-35 μm in pars sporifera (Réblová 2007) . Barbatosphaeria arboricola is also similar to B. varioseptata in the shape of ascospores and asci, but the latter differs by longer ascospores with a delayed formation of two additional septa, while the asci are comparable in size to those of B. arboricola. Notes -For full synonymy, description and illustrations of sexual and asexual morphs refer to Réblová (2007) . The great variability in disposition of ascomata of B. barbirostris on the natural substratum, varying from small to large loose circular groups to rows or rarely a solitary growth, and simple morphology of 1-septate ellipsoid ascospores, resulted in the description of this species under four generic taxonomic synonyms and its combinations under eight ascomycete genera. Ascomata dark brown to black, growing between periderm and wood, often aggregated in circular or semi-circular groups of 5 -9(-15), occasionally solitary. Venter globose to subglobose, 450 -600 μm high, 400 -600 μm diam, non-collapsing or collapsing dorsally upon drying; necks cylindrical, straight to slightly flexuous 900 -1700 μm long, 150 -250 μm wide, converging and piercing the periderm. Venter and neck covered with red-brown pubescence that disappears with age, only the necks remaining covered with hairs in the upper part; hairs septate, smooth-walled, obtuse at the ends, 3.5 -4.5 μm wide. Ascomatal wall 55 -80 μm thick, leathery to fragile, 2-layered. Outer layer consisting of thick-walled, brown or red-brown polyhedral to elongate cells of textura prismatica to epidermoidea, towards the interior grading into several layers of thin-walled subhyaline to hyaline flattened cells. Ostiolum periphysate. Paraphyses septate, wider near the base c. 4.5-6.0 μm, tapering to 2.0 -3.0 μm toward the tip. Asci clavate in sporiferous part, tapering toward the stipe, 35 -50(-52) μm long in pars sporifera, (8.0 -)9.0 -12.0 μm wide (in broadest part) (mean ± SD = 42.3 ± 3.4 × 10.5 ± 0.6 μm), with a stipe 16 -25 μm long, 8-spored; ascal apex broadly rounded to obtuse, with a nonamyloid apical annulus c. 0.5 -1 μm wide, 2 μm high. Asco spores oblong to subcylindrical and strongly curved, (7.5-)8.0-10.5 × (2.2-)2.5-3.0 μm (mean ± SD = 8.9 ± 1.2 × 2.4 ± 0.2 μm), hyaline, smooth, 1-septate, non-constricted, arranged obliquely 2 -3-seriately in the sporiferous part of the ascus.
Culture characteristics -Colonies slow growing, 11-16 cm diam on PDA after 21 d at 25 °C. Aerial mycelium, velvety, zonate, white (oac909) to beige (oac816) in the centre, later dark grey (oac902) with pale grey (oac725) zones, always darker toward the margin of the colony. Sporulation widespread with a uniform layer of conidiophores. Conidial masses whitish. Conidiophores of sporothrix-like developing early from germinating ascospores, 2.5-5.5 × 1.0-1.5 μm (mean ± SD = 3.3 ± 1.2 × 1.3 ± 0.3 μm), micronematous to semimacronematous, unbranched, flask-shaped to cylindrical or of irregular shape, hyaline. Conidiogenous cells polyblastic, intercalary or terminal, bearing 1-4 denticles producing conidia holoblastically. Conidia 3.5-5.2 × 0.8-1.0 μm (mean ± SD = 4.4 ± 0.7 × 0.9 ± 0.1 μm), aseptate, hyaline, suballantoid to oblong, curved, slightly tapering at the base. Chlamydospores not observed. Notes -This species is distinct among other members of Barbatosphaeria by relatively large, 1-septate, oblong, strongly curved ascospores. It often occurs in association with other periderm-inhabiting ascomycetes, e.g. Enchnoa infernalis, Cau dospora taleola or Diatrypella quercina. Based on the ascospore morphology, it can be compared with B. fagi, which differs by more U-to horseshoe-shaped ascospores half the size (Samuels & Candoussau 1996 Notes -For description and illustrations of sexual and asexual morphs refer to Samuels & Candoussau (1996) . Ascomata dark brown, growing between periderm and wood, aggregated in circular groups of 6 -18, often associated with stromata of other fungi. Venter globose to subglobose, 350-400 μm high, 300 -400 μm diam, lying horizontally, collapsing dorsally upon drying; necks cylindrical, straight to slightly flexuous 1000 -1500 μm long, 120 -150 μm wide, converging radially. Venter and neck covered with brown pubescence that tends to disappear with age, bottom part of venter mostly remaining covered with hairs. When young, hairs densely interwoven forming a layer of textura intricata around ascomata up to 40 μm thick. Hairs septate, smooth-walled, obtuse at the ends, 2.0-3.5 μm wide. Ascomatal wall 35 -55 μm thick, leathery to fragile, 2-layered. Outer layer consisting of thick-walled, brown, polyhedral to elongate cells of textura prismatica to textura angula ris, towards the interior grading into several layers of thin-walled subhyaline to hyaline flattened cells. Ostiolum periphysate. Para physes septate, wider near the base c. 4.0 -5.0 μm, tapering to 2.5 -3.0 μm toward the tip. Asci clavate in sporiferous part, tapering toward the stipe, 12.5 -18(-21) μm long in pars sporifera, 4.0 -4.5(-5.0) μm wide (in broadest part) (mean ± SD = 14.6 ± 2.3 × 4.3 ± 0.3 μm), with a stipe 8.5 -13 μm long, 8-spored; ascal apex obtuse, with a non-amyloid apical annulus c. 1.0 μm high, 1.5 -1.8 μm wide. Ascospores oblong to subcylindrical, slightly curved, (3.5-)4.0-4.5(-5.0) × 1.0-1.3 μm (mean ± SD = 4.0 ± 0.4 × 1.0 ± 0.2 μm), hyaline, smooth, non-septate, arranged obliquely 2-3-seriately in the sporiferous part of the ascus. Notes -For description and illustrations of sexual and asexual morphs refer to Réblová & Štěpánek (2009) . Barbato sphaeria hippocrepida was collected in New Zealand and it is known only from a single collection. It is remarkably similar to Ceratostomella cyclospora (Kirschstein 1907) , which was later placed into the genus Calosphaeria by Petrak (1924) . Its type material is apparently lost (pers. comm. E. Gerhardt, Berlin Museum). It fits the description of B. hippocrepida apart from the ascoma and partly the ascus morphology. The long-necked ascomata of C. cyclospora are rarely solitary, mostly congregated by two or in larger groups in valsoid formation, partially or entirely immersed in bark or decorticated wood, and larger c. 1 mm diam (Petrak 1924) . The ascomata of B. hippocrepida are 400-650 μm diam, arranged in circular groups between cortex and wood, lying horizontally with radially converging necks and with typical dorsal flattening of the venter with a central glabrous area surrounded by warts (Réblová & Štěpánek 2009 ). The asci of C. cyclospora are shorter in pars sporifera (20 -25 μm) than those of B. hippocrepida (27-33 μm), and do not possess the conspicuous invagination at the ascal apex. It is likely, that C. cyclospora represents another name for B. hippocrepida or a species closely related to it. Without studying representative material we refrain from making any formal changes. Réblová, sp. nov. -MycoBank MB810131 ; Fig. 9 Asexual morph. Sporothrix-like.
Barbatosphaeria neglecta
Etymology. Neglectus (L), meaning neglected or not chosen, referring to the inconspicuous, easily overlooked morphology of this species.
Diagnosis -Differing from B. fimbriata by longer asci, 22-27 μm long in pars sporifera and 4.5-5.5 μm wide, and longer ascospores (4.8 -)5.5-6.5(-6.9) × 1.0-1.5 μm.
Ascomata dark brown to black, growing between periderm and wood, aggregated in circular groups of 3-6, sometimes solitary. Venter globose to subglobose, 320-400 μm high, 300-430 μm diam, lying horizontally or upright; necks cylindrical, straight to slightly flexuous 500 -1500 μm long, 100 -120 μm wide. Venter and neck sparsely covered with brown or red-brown pubescence that disappears with age, only bottom part of venter remaining covered with hairs; hairs septate, smooth-walled, obtuse at the ends, 3.0-4.5 μm wide. Ascomatal wall 35-47 μm thick, leathery to fragile, 2-layered. Outer layer consisting of thick-walled, brown to red-brown polyhedral to elongate cells of textura prismatica, towards the interior grading into several layers of thin-walled subhyaline to hyaline flattened cells. Ostiolum periphysate. Paraphyses septate, wider near the base c. 3.5 -4.5 μm, tapering to 2.0 μm toward the tip. Asci clavate in sporiferous part, tapering toward the stipe, 22-27 μm long in pars sporifera, 4.5 -5.5 μm wide (in broadest part) (mean ± SD = 24.7 ± 2.5 × 5.4 ± 0.4 μm), with a stipe 8.0-14 μm long, 8-spored; ascal apex broadly rounded to obtuse, with a non-amyloid apical annulus c. 1.0 μm high, 2.0 μm wide. Ascospores oblong to subcylindrical, sometimes slightly curved, (4.8-)5.5 -6.5(-6.9) × 1.0 -1.5 μm (mean ± SD = 6.1 ± 0.5 × 1.4 ± 0.2 μm), hyaline, smooth, aseptate, arranged obliquely 2-3-seriately in the sporiferous part of the ascus.
Culture characteristics -Colonies slow growing, 13 -16 mm diam on PDA after 21 d at 25 °C. Aerial mycelium white (oac909) to beige (oac816), velvety, zonate, brown-grey (oac770) near the centre, consequently pale and dark zones changing, always becoming darker toward the margin of the colony. Centre of the colony around the inoculum block without aerial mycelium. Sporulation widespread with a uniform layer of conidiophores. Conidial masses whitish. Conidiophores of the sporothrix-like developing early from germinating ascospores, 1.5-4.2 × 0.9-1.2 μm (mean ± SD = 3.0 ± 1.4 × 1.1 ± 0.3 μm), micronematous to semimacronematous, unbranched, cylindrical or irregular shape, hyaline. Conidiogenous cells polyblastic, intercalary or terminal, bearing 1-3 denticles producing conidia holoblastically. Conidia 3.2 -4.2(-5.0) × 0.9 -1.2(-1.4) μm (mean ± SD = 3.8 ± 0.6 × 1.1 ± 0.2 μm), aseptate, hyaline, oblong, slightly curved, slightly tapering at the base. Chlamydospores not observed. Notes -Barbatosphaeria neglecta forms a monophyletic clade with the morphologically similar B. fimbriata. Both species possess non-septate ascospores and differ by size of ascospores and asci. For differences at the RNA structural level, see Results.
Barbatosphaeria varioseptata Réblová, sp. nov. -MycoBank MB810132; Fig. 10a -i Asexual morph. Sporothrix-like.
Etymology. Varius (L), meaning changing, variable, septum (L), meaning partition, refers to the variably septate ascospores.
Diagnosis -Differing from B. arboricola and B. barbirostris by longer ascospores, (8.5-)9.5-11.0(-11.5) × 2.0-2.2(-2.5) μm with a delayed formation of two additional septa.
Ascomata dark brown to black, aggregated in circular groups of 8 -15. Venter globose to subglobose, 350 -500 μm high, 400-500 μm diam, lying horizontally, collapsing dorsally upon drying; necks cylindrical, straight to slightly flexuous decumbent 800-2000 μm long, 100 -150 μm wide, converging radially. Venter and neck covered with brown or red-brown pubescence that disappears with age, only the necks and bottom part of venter remaining sparsely covered; hairs septate, smooth-walled, obtuse at the ends, 3.5-4.5 μm wide. Ascomatal wall 45-70 μm thick, leathery to fragile, 2-layered. Outer layer consisting of thick-walled, brown to red-brown polyhedral to elongate cells of textura prismatica, towards the interior grading into several layers of thin-walled subhyaline to hyaline flattened cells. Osti olum periphysate. Paraphyses septate, wider near the base c. 3.5 -4.5 μm, tapering to 2.5 -3.0 μm toward the tip. Asci clavate in sporiferous part, tapering toward the stipe, (29-)34-44(-55) μm long in pars sporifera, 7.0 -8.0(-10.0) μm wide (in broadest part) (mean ± SD = 39.5 ± 5.9 × 7.9 ± 1.1 μm), with a stipe 12 -30 μm long, 8-spored; ascal apex broadly rounded to obtuse, with a non-amyloid apical annulus c. 1.0 -1.2 μm high, 2.0 -2.9 μm wide. Ascospores oblong to subcylindrical, (8.5-)9.5 -11.0(-11.5) × 2.0 -2.2(-2.5) μm (mean ± SD = 10.2 ± 0.9 × 2.2 ± 0.1 μm), hyaline, smooth, 1-septate, at maturity with up to three septa, non-constricted, arranged obliquely 2-3-seriately in the sporiferous part of the ascus.
Culture characteristics -Colonies slow growing, 12 -18 cm diam on PDA after 21 d at 25 °C. Aerial mycelium white (oac909) to beige (oac816), velvety, zonate, light pink (oac697) at the centre, later with pale and dark grey zones alterna ting, darker toward the margin of the colony. Sporulation widespread with a uniform layer of conidiophores. Conidial masses whitish. Conidiophores of the sporothrix-like developing early from germinating ascospores, 2.5 -5.6 × 0.9 -1.5 μm (mean ± SD = 3.7 ± 1.4 × 1.1 ± 0.2 μm), micronematous to semimacronematous, unbranched, cylindrical or of irregular shape, hyaline. Coni diogenous cells polyblastic, intercalary or terminal, bearing 1-3 denticles producing conidia holoblastically. Conidia 2.5-3.5 × 0.9-1.1 μm (mean ± SD = 3.0 ± 0.5 × 1.0 ± 0.1 μm), aseptate, hyaline, oblong, slightly curved, slightly tapering at the base. Chlamydospores not observed. Notes -Barbatosphaeria varioseptata is positioned at the basal branch of the B. arboricola clade (Fig. 1, 2) . It can be distinguished from the morphologically similar B. arboricola by longer, 3-septate ascospores and slightly longer asci. This species is also well-defined by presence of several hCBC substitutions in the H2 and H3 helices of ITS2 (Fig. 4) .
Barbatosphaeria sp. -Fig. 10j-l Asexual morph. Sporothrix-like.
Ascomata dark brown to black, aggregated in circular groups of 10-15 around old stromata of Eutypella quaternata. Venter globose to subglobose, 400-450 μm high, 400-500 μm diam, lying horizontally, often collapsing dorsally upon drying; necks cylindrical, slightly flexuous decumbent 1000 -1500 μm long, 100-150 μm wide, converging radially. No pubescence observed on venter and neck. Ascomatal wall 43 -50 μm thick, leathery to fragile, 2-layered. Outer layer consisting of thick-walled, brown to red-brown polyhedral to elongate cells of textura prismatica, towards the interior grading into several layers of thin-walled subhyaline to hyaline flattened cells. Osti olum periphysate. Paraphyses septate, wider near the base c. 4.5-6.5 μm, tapering to 2.5-3.0 μm toward the tip. Asci clavate in sporiferous part, tapering toward the stipe, 24-28 μm long in pars sporifera, 6.0-7.0 μm wide (in broadest part) (mean ± SD = 26.2 ± 1.7 × 6.3 ± 0.3 μm), with a stipe 10-16 μm long, 8-spored; ascal apex obtuse, with a non-amyloid apical annulus c. 0.8-1.0 μm high, 2.5-2.9 μm wide. Ascospores ellipsoid to oblong, 7.5-8.6(-9.0) × 1.2-2.0 μm (mean ± SD = 8.1 ± 0.5 × 1.8 ± 0.2 μm), hyaline, smooth, 1-septate, with delayed formation of one, rarely two septa, non-constricted, arranged obliquely 2 -3-seriately in the sporiferous part of the ascus. Notes -Barbatosphaeria sp. is characterised by 1-2-septate, rarely 3-septate ascospores and, besides B. varioseptata, represents another morphotype with ascospores containing more than one septum. It groups with members of the B. arbo ricola clade (Fig. 1, 2 ). It differs from B. varioseptata by shorter asci and ascospores. The material is rather old and insufficient as a type collection. The culture is no longer viable. We prefer to not describe this taxon until fresh and mature material is collected. 
KEY TO ACCEpTED SpECIES IN BARBATOSpHAERIA
DISCUSSION
Taxonomy of Barbatosphaeria
Barbatosphaeria is positioned in the Sordariomycetidae in a well-supported clade (97/1.0) comprising members of the Ophio stomatales, Annulatascaceae, Papulosaceae and several small or monotypic genera from freshwater or terrestrial habitats. These taxa are distantly related and share simple and indistinct morphology of dark ascomata with carbonised wall, long neck or beak and hyaline ascospores (e.g. Hyde 1992 , Ho et al. 1999 , Raja et al. 2003 , Tsui et al. 2003 , Campbell & Shearer 2004 , Arzanlou et al. 2007 , Ferrer et al. 2012 , Liu et al. 2012 , Jaklitsch et al. 2013 ). Many of these fungi have never been cultivated. If asexual morphs are known, the dominant conidiogenesis is holoblastic, with often denticulate conidiogenous cells. Some of these genera, especially those closely related and morphologically similar to Barbatosphaeria, are shown in Fig. 1 . Mostly nuc28S sequences of members of this clade are available in GenBank, but this gene alone does not offer sufficient phylogenetic resolution and internal support for classification at higher systematic levels. It is probable that fungi so far described and placed in this clade represent only a fraction of the actual diversity of this group in nature and they are a mere mosaic of morphological traits.
Barbatosphaeria can be compared with members of Lento mitella and Natantiella. The ascomata of these genera never form circinate groups or loose circular formations; they grow solitarily or in large irregular groups with the venter and most of the neck deeply immersed in decorticated often soft decaying wood. Based on the morphology of asci and ascospores, Natantiella ligneola differs from members of Barbatosphaeria by larger, ellipsoid ascospores and robust ascomata. Its asexual morph is unknown, only sterile mycelium was formed in the axenic culture (Réblová & Štěpánek 2009) . Lentomitella differs by non-stipitate asci with a larger apical annulus, ellipsoid to fusiform ascospores and phaeoisaria-like asexual morph (Réblová 2006) .
Barbatosphaeria including Tectonidula is shown as a strongly supported clade (100/1.0 in the ITS-β-tubulin analysis and 99/1.0 in the multigene analysis) comprising nine species; eight of them are studied in our phylogenies using sequences of five nuclear loci. Tectonidula is a monotypic genus characterised by allantoid, strongly curved, U-to horseshoe shaped ascospores and is represented by T. hippocrepida in our analyses. In previous studies, when B. barbirostris and T. hippocrepida were analysed as the only representatives of both genera, they formed a monophyletic clade but with low (based on nuc28S gene; Réblová & Štěpánek 2009 ) to medium support (based on 3-gene analysis; Jaklitsch et al. 2013 , Réblová et al. 2014 .
In the multigene analysis that contains other members of Bar batosphaeria, T. hippocrepida is shown at the basal position ( Fig. 1) in the Barbatosphaeria clade, while in the combined ITS-β-tubulin phylogeny it is together with B. fimbriata and B. neglecta basal to all other species with septate ascospores (Fig. 2) .
Species of Barbatosphaeria are well distinguishable based on the morphology of ascospores, particularly the size, shape and number of septa in combination with the size of the ascus. The ascus shape, i.e. truncate to broadly-rounded at the apex, clavate or cylindrical-clavate in the sporiferous part with a long, slender tapering stipe, is similar in all species. Ascomata of Barbatosphaeria grow between cortex and wood, hidden from our sight, often associated with dead stromata and ascomata of other periderm-inhabiting fungi, especially those of members of the Diaporthales or Diatrypaceae. Asexual morphs with holoblastic denticulate conidiogenesis were experimentally proven for all species of Barbatosphaeria (Samuels & Candoussau 1996 , Réblová 2007 , this study). Both ramichloridium-and sporothrix-like asexual morphs were obtained in B. barbirostris and B. fagi; other species develop only micronematous or semimacronematous sporothrix-like conidiophores in axenic culture.
Two Barbatosphaeria species with aseptate, oblong, slightly curved ascospores, B. fimbriata and B. neglecta, are remarkably similar to Calosphaeria parasitica. Based on a revision of the holotype (Herbarium Genève, G00127176) and other herbarium material of C. parasitica, ascomata of this species are associated with ascomata of Eutypella quaternata, they grow outside its ascomata or inside the ascomatal cavity. Calosphaeria parasitica differs from Barbatosphaeria by glabrous ascomata, broadly clavate asci with broadly rounded, thickened apex without an apical annulus and ascospores arranged 3-4-seriately or in a fascicle directly below the ascal apex. The herbarium material of C. parasitica was too old to confirm the presence of subtending cells arising from ascogenous hyphae and bearing the asci, a character typical of members of the Calosphaeriales.
Secondary structure of ITS
Comparison of 2D structures of ITS1 and ITS2 among 13 Bar batosphaeria strains confirmed the existence of eight species.
Although an experimental 3D structure of ITS1 and ITS2 has not been yet determined, the study of the 2D structure of both ITS molecules using comparative methods has been used in eukaryotes to define species complex groups (e.g. Bridge et al. 2008 , Rodriguez-Martínez et al. 2012 . The helices H2 of ITS1 and H2 and H3 of ITS2 were also detected in other fungi and used to delimit groups of asexual morphs linked to Chaetospha eria in the Chaetosphaeriaceae (Réblová & Winka 2000) and to study genera and families of the Chaetothyriales . Molecular morphometrics, a phylogenetic approach based on 2D elements, was successfully applied using ITS sequences to the Erysiphaceae (Takamatsu et al. 1998) and Lycoperdaceae (Krüger & Gargas 2004 , 2008 .
In ITS1 of Barbatosphaeria, only helix H3 possesses a homologous structure with significant variability and could be compared among all strains. The ITS2 consisting of four helices maintains a similar core structure in all strains and can be used for comparisons.
The 2D structure of the ITS2 has been widely investigated , Goertzen et al. 2003 , Schultz et al. 2005 , Coleman & van Oppen 2008 , Ullrich et al. 2010 , Caisová et al. 2011 . The number of four helices (H1-H4), a pyrimidinepyrimidine mismatch in H2 and the occurrence of the YGGUY motif in helix H3 represent hallmarks, which are universal among eukaryotes. Additional helices may be positioned on the ring structure anywhere between helices 1-4 in different groups of organisms (Coleman 2007 ).
The pyrimidine-pyrimidine mismatch in H2, i.e. C/C after the sixth base pair in our study, was present in all Barbatosphaeria species (Fig. 4) . We detected also a second C/C mismatch in the upper half of H2, but it was lost in B. neglecta and B. fim briata. The evolutionary motif was not detected among strains belonging to a single genus. A larger comparative analysis including strains of several genera from different families would be necessary to detect the third hallmark of ITS2.
Recording all existing substitutions and mapping them onto predicted 2D models of ITS1 and ITS2 of B. barbirostris allowed us to significantly improve the alignment of ITS sequences of members of Barbatosphaeria and to study the evolutionary history of ITS1 and ITS2.
The CBC species concept
Examination of all positions in ITS1 and ITS2 revealed that some base pairs with double-sided (CBC), one-sided (hCBC) and non-compensatory (non-CBC) substitutions uniquely characterize certain clades and species lineages and represent nonhomoplasious synapomorphies within Barbatosphaeria (Fig.  3, 4) .
The CBC hypothesis, which has been used to delimit biological species, has been tested in Chlorophyta and representatives of the Fagales (Coleman 2000 , Coleman & Vacquier 2002 and also by employing up to 100 000 2D models from the ITS2 database (Schultz et al. 2006 , Müller et al. 2007 , Selig et al. 2007 , Koetschan et al. 2010 . The CBC species concept is based on co-evolution of nucleotides that maintain an RNA transcript in the two most conserved helices H2 and H3 of the ITS2 , Fabry et al. 1999 , Coleman 2000 , 2005 , Amato et al. 2007 . Even a single CBC in these duplexes indicates sexual incompatibility. The original hypothesis defined a CBC clade as including organisms lacking CBCs in these conserved helices that differ from other CBC clades by as little as a single CBC. In contrast, CBCs in H1 and H4 of ITS2, and hCBCs in H2 and H3 may still allow mating between two organisms and therefore are less significant in species delimitation (Coleman 2000) . CBC clades usually fall into one or more Z clades encompassing groups of organisms producing compatible gametes that can form zygotes, but which are separated by various pre-and postzygotic isolation mechanisms (Coleman 2000) . Therefore, the Z clades rather than the CBC clades contain 'biological species' or represent a diverging population of one to several morphotypes capable of interbreeding.
In ITS2 the differences within the species that were represented by more than one strain are seen only in hairpin loops (Fig. 4) , while the 2D structure of H2 and H3 helices remains unchanged. The variability among individual species is displayed in the 2D arrangement of the two main duplexes and existence of three types of substitutions.
The CBC substitutions in ITS1 and ITS2 of Barbatosphaeria mark different events. In the third and sixth bp of C-arm of H3 of ITS1 (Fig. 3) we detected two CBCs, which define three species-complexes, i.e. C = G and G = C base pairs in species with 1-septate ascospores (B. barbirostris, B. dryina) with the following compensatory base changes C = G → U/A and G= C in species with aseptate ascospores (B. fimbriata, B. neglecta, B. hippocrepida), C = G and G = C → U/A in species with 1-3-septate ascospores (B. arboricola, B. varioseptata, Barbato sphaeria sp.). Additionally, B. dryina possesses a speciesunique insertion of three base pairs at the end of this duplex, i.e. two canonical C= G and one non-canonical U/C. The single CBC in the B-arm of H3 of ITS1 is between two species of the B. neglecta clade. In ITS2 we detected only one CBC in H2. The CBC is on the eleventh base pair and defines two groups, i.e. species with septate and aseptate ascospores, respectively. The individual clades within Barbatosphaeria represent the socalled Z clades (see above), defined by hCBCs and non-CBCs.
The rapidly evolving hCBC and the less frequent non-CBC substitutions may occur in organisms undergoing ecological adaptations or specialisation to certain habitats or substrates and are followed for example by changes in morphology (Caisová et al. 2011) . The hCBCs and non-CBCs in conserved areas of ITS1 and ITS2 vary significantly within Barbatosphaeria. Of the seven bp with hCBCs detected in H3 of ITS1, four were species-unique, i.e. B. dryina (two bp) and B. fimbriata (two bp). The remaining hCBCs varied among species or strains of a single species (Fig. 3) . The one non-CBC is limited to B. hip pocrepida. In ITS2 we observed ten bp with hCBCs in H2 and H3 helices, four of them displayed both hCBC and non-CBC substitutions (Fig. 4) 
